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Abstract: 
Politics’ demand for informative consumption-based emission assessments based on multi-regional input 
output (MRIO) databases is steadily increasing. Based on the MRIO database EXIOBASE 3, we exemplify 
the utility of a range of analytical tools and discus their potential insights for consumption-based policies. 
The analysis decomposes the overall EU carbon footprint into product groups as well as into emitting 
regions. Subsequently, we illustrate the potential of applying production layer decomposition (PLD) and 
structural path analysis (SPA) for the assessment of global supply-chains related to the EU carbon 
footprint and their structural changes over time. We close with some policy recommendations on 
reducing carbon footprint hot spots.  
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1. Introduction 
A rapidly growing body of literature applies Input-Output (IO) analysis to estimate consumption-
based national greenhouse gas (GHG) inventories (or carbon footprints) with the ultimate  objective 
of providing complementary demand-side information for the design of novel climate change 
mitigation policies and strategies (for example Peters and Hertwich, 2008; Wiedmann and Barrett, 
2013). IO based carbon footprint studies focus on national assessments (Wiedmann et al., 2010; 
Wood and Dey, 2009), EU-wide analysis (EUROSTAT, 2011; Steen-Olsen et al., 2012) as well as 
international assessments (Hertwich and Peters, 2009; Tukker et al., 2014). Target-oriented policy 
making, which is often focused on specific sectors or consumption areas i.e. activities, require further 
detailing of the IO modelling approach in order to arrive at the desired level of robustness and 
accuracy. Therefore, bottom-up approaches, applying process-specific coefficients, have been 
suggested to be more suitable for such endeavors (for example see Nijdam et al., 2012). There is no 
doubt that a more detailed understanding i.e. modelling on the level of single sectors, processes and 
supply-chains is essential to identify priority areas of action in the production-consumption system, 
which need to be transformed, if absolute levels of GHG emissions should be reduced as demanded 
by European and international climate policies (European Commission, 2015; UNFCCC, 2015).  
Nevertheless, owing to the fact that over the last decades, growth rates of international trade 
volumes exceeded growth rates of GDP (WTO, 2014), we argue that it is equally important to 
maintain a global perspective in carbon footprint assessments which explicitly account for 
internationally traded products in a consistent manner. From our point of view, while coefficient-
based LCA’s certainly enrich consumption-based analysis with increasing process details, we find the 
general approach to struggle with the contemporary (temporal) dynamic of international trade and 
its increasing complexity. Therefore, this study seeks to demonstrate that both goals (highly detailed 
micro- and highly aggregated macro-analysis) can be achieved in a systematic way when applying 
specific analytical tools i.e. decomposition techniques to a global, multi-regional input-output (MRIO) 
model, which is extended by data on greenhouse gas emissions.  
In general, the main advantage of environmentally extended multi-regional input-output analysis (EE-
MRIO) is that the whole economy is covered in a systematic perspective (Bruckner et al., 2012). The 
core of a MRIO system is a matrix representation of all monetary flows between different sectors 
(including households’ final consumption) of national economies within a certain year. The national 
IO tables are then linked by matrices on the monetary values of bilateral trade on the product level. 
As a top-down approach, EE-MRIO represents all supply chains, even those with very complex 
patterns (Chen and Chen, 2013). Therefore, in the contrast to coefficient approaches, IO avoids 
truncation errors and double counting (Feng et al., 2011).  
There has been a renaissance in environmental extended IO analysis due to the successful 
compilation of a number of multi-regional input-output models: WIOD (Dietzenbacher et al., 2013), 
Eora (Lenzen et al., 2013b), GTAP (Narayanan et al., 2012), EXIOBASE (Tukker et al., 2013a) and OECD 
ICIO (OECD, 2015). Today, an increasing number of countries periodically publish IO or supply and 
use table (SUT). Hoekstra (2010) showed in a historic review that most publications in the EEIOA field 
occurred after 1995. He screened 360 EEIOA papers published between 1969 and 2010 of which just 
50 were published before that date (compare with Giljum et al., 2013). The construction of MRIO’s 
helped to lessen a few disadvantages of the early single region input-output (SRIO) models. For 
example, the usually error-prone domestic technology assumption (DTA), which assumes the 
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imported products to be produced with the domestic technology as described in the (SR)IO table, 
became more or less obsolete. Today, EE-MRIO modelling is widely applied not only for carbon 
footprinting (Minx et al., 2009; Peters et al., 2011) but also for the compilation of consumption-based 
accounts of a variety of other resources such as materials (Giljum et al., 2015; Wiedmann et al., 
2013), water (Chen and Chen, 2013; Lenzen et al., 2013a) and land (Weinzettel et al., 2013; Yu et al., 
2013). The EE-MRIO research field is steadily growing and can be expected to grow further in the 
near future.   
This paper provides a detailed assessment and decomposition of the EU’s consumption-based 
greenhouse gas emissions, applying the MRIO database “EXIOBASE” (Tukker et al., 2013a; Wood et 
al., 2015). The overall aim of this paper is to demonstrate the policy relevance and usefulness of 
available decomposition techniques and analytical tools of EE-MRIO models for analysing carbon 
footprints. We assess the supply-chain structure of various product groups, thus identifying in which 
parts of the supply-chain major GHG emissions are released. The temporal and geographical 
coverage of EXIOBASE further allows for the assessment of changes over time, for example, 
regarding the importance of emissions stemming from non-European countries which directly or 
indirectly serve EU’s final demand. We illustrate the potential of applying production layer 
decomposition (PLD) and structural path analysis (SPA) in order to elucidate dynamic and pace of the 
outsourcing process of emissions through international trade. Subsequently, based on the results 
obtained from the analytical tools applied, we aim at reflecting current priority areas of EU 
consumption-based climate mitigation policy making and at deriving recommendations for the 
priority areas and topics the EU should focus in its future policy efforts. 
The remainder of the paper is structured as follows. Section 2 starts with a description of the MRIO 
model as well as of the applied analytical methods. Section 3 presents the various results from the 
carbon footprint assessment both on the level of overall EU final demand as well as on the level of 
different product groups and their underlying supply chains. The final Section 4 discusses the results 
in the context of policy making and concludes.  
2. Model and methods  
 
2.1. EXIOBASE 3.1 
For the carbon footprint assessment in this paper, we apply the MRIO database EXIOBASE (Tukker et 
al., 2014; Tukker et al., 2013b; Wood et al., 2015), a very detailed global MRIO database, developed 
in particular for environmental assessments with a geographical focus on the European Union. With 
200 commodities, EXIOBASE provides the highest level of product detail across all currently available 
MRIO models (see appendix for the full list of EXIOBASE sectors) (compare with Andrew and Peters, 
2013; Dietzenbacher et al., 2013; Lenzen et al., 2013b). In general, IO models assume product groups 
to be homogeneous (Miller and Blair, 2009). Therefore, the level of robustness and detail in EE-MRIO 
results depends to a large extent on the level of sector or product aggregation. The more aggregated 
sectors or products are, the higher the in-homogeneity of product groups and hence the more biased 
the results due to the violation of the homogeneity assumption. The 200 product detail of EXIOBASE 
helps to relax the product homogeneity assumption. For example, while GTAP aggregates all 
manufactured coal and petroleum products into a single commodity, EXIOBASE disaggregates them 
into 21 commodities. This allows analyzing the model results with a higher sector detail, while 
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maintaining an adequate level of robustness and accuracy for meaningful interpretations on the 
supply-chain level.  
 
On the downside, EXIOBASE only details 44 countries (28 EU member states plus 16 major trade 
partners of the EU), and covers all other countries in the form of five rest-of-the-world regions (see SI 
2 for full list of EXIOBASE countries and regions). In contrast, the Eora database (Lenzen et al., 2013b) 
distinguishes 187 countries/regions and the latest version 9 of GTAP separately models 140 
countries/regions. A high level of regional detail is relevant to avoid errors caused by price 
inhomogeneity between countries. Nevertheless, as EXIOBASE models the most important EU-
trading partners separately, we argue that this MRIO is customized to the needs of an EU-28 carbon 
footprint assessment. The 44 regions explicitly modelled in EXIOBASE account for approx. 95% of 
global GDP. In this paper, we apply EXIOBASE in its version 3.1, which covers the time period of 1995 
to 2011. In this regard, it is important to emphasize that EXIOBASE 3.1 is only a preliminary/beta 
version. The final EXIOBASE 3.2 version, which will contain updates of all environmental and 
economic accounts, is expected to become available around March 2016.      
The emissions data in EXIOBASE is originally based on the IEA database including 63 energy carriers 
(Wood et al., 2015). The compilation of the extension involved transforming the energy data of the 
IEA from a territory to a residence principle and allocating the energy carriers supply and use to 
sectors and the categories of final demand. Subsequently, emissions were estimated consistently for 
all countries on the basis of energy and other activity data and TNO’s bottom-up TEAM model (see 
Pulles et al., 2007). The emissions extension includes CO2, CH4, N2O, CO and NOx from combustion 
and non-combustion as well as SF6. Their global emissions in 2011 add up to approx. 35 Gt CO2 eq. 
(GWP100).    
 
2.2. Analytical methods 
The data analysis starts with general decomposition techniques. We decompose the overall carbon 
footprint time series of the EU-28 into sectors and product groups as well as into the emitting regions 
and countries. The latter is carried out for the whole time period of 1995-2011 in order to determine 
whether and to which regions the EU has outsourced greenhouse gas emissions (GHG) via 
international trade. We also analyse the sector composition, identifying the sector groups 
contributing most to the EU’s carbon footprint, and how this composition changed over time, thus 
analysing structure and temporal dynamic of the EU carbon footprint from a macro-perspective.  
Apart from these standard analyses MRIO models allow for the application of additional 
decomposition tools. These tools assess supply-chain structures underlying the total carbon footprint 
of a country, a product or product group and thus visualise the type and complexity of the 
production process of final consumer goods and services. Since MRIO models represent the entire 
economy, phenomena beneath the aggregate country level or product level of footprints are not 
directly observable. Highly aggregated footprint indicators often hide multiple and possibly 
competing trends on the more disaggregated level, with changes in some parts are offset by changes 
in others (Wood and Lenzen, 2009). Therefore, additional analytical tools like structural path analysis 
(SPA) and production layer decomposition (PLD) can help to gain a deeper and better understanding 
of the global MRIO model.   
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Structural Path Analysis (SPA) 
The application of Structural Path Analysis (SPA) to multi-regional input-output models is well suited 
to detect/extract and rank the most significant supply chains and to link consumption activities with 
(environmental sensitive) production activities (Peters and Hertwich, 2006; Wiedmann, 2009). SPA 
allows us to decompose a product footprint into its constituting sub-parts, i.e. the supply chains. 
Therefore, we can identify the most significant supply chains of products with regard to the emission 
intensity of inter-sectoral deliveries and track the embodied flow of emissions from its location of 
release or origin to the final consumption product throughout the entire global MRIO system. As 
Huang et al. (2009) point out correctly, the method has been originally conceptualized for SAM-
frameworks (Social Accounting Matrix) by regional scientists in the 1980s (Crama et al., 1984; 
Defourny and Thorbecke, 1984; Khan and Thorbecke, 1989). Nevertheless, SPA is an attractive 
decomposition technique increasingly used for economic and ecological systems analysis (Acquaye et 
al., 2011; Lenzen, 2003). Due to its complex mathematical foundation, EEIOA has been criticized for 
lacking transparency (Peters, 2008). SPA can offer a way to open up the black box of the numerous 
supply chains delivering products and services to final demand.  
 
In theory, there are infinite numbers of paths that sum up to the aggregate overall carbon footprint 
(𝑪𝑭). In practice, only a relatively small number of paths constitute the major share of the footprint. 
As a rule of thumb, depending on the level of detail of the model and the environmental stressor 
under consideration, about 500 paths can cumulate to approx. 25% and 15.000 paths to approx. 
more than 50% of a country footprint (compare with Sonis and Hewings, 1998; Wood and Lenzen, 
2003). The basic idea behind a SPA is the unraveling of the Leontief inverse by means of a series 
expansion of the direct requirements matrix (Wood and Lenzen, 2009). For the mathematical basis 
we refer to (Lenzen, 2003). The Leontief inverse (𝑳) can be expanded using a power series 
approximation giving (Waugh, 1950) 
 
𝑪𝑭 = 𝒇 (𝑰 − 𝑨)−𝟏 𝒚 = 𝒇𝑰𝒚 + 𝒇𝑨𝒚 + 𝒇𝑨𝟐𝒚 + 𝒇𝑨𝟑𝒚 +  𝒇𝑨𝟒𝒚 + ⋯ (1) 
 
where 𝒇𝑨𝒕𝒚 represents the emissions from the 𝒕𝒕𝒉 production layer (or tier). For instance, if 𝒚  
represents a demand on the production of one car, then 𝒇𝑰𝒚 are the direct emissions released in the 
course of the production of the car by the car manufacturer. To produce the car, inputs 𝑨𝒚 from 
other industries are required. These industries release 𝒇𝑨𝒚 emissions. In turn, these industries 
require inputs of 𝑨𝟐𝒚 and 𝒇𝑨𝟐𝒚 of emissions are produced. This process continues through the 
infinite expansion of the power series. Each of the 𝒏 industry sectors or products in 𝑨 represents a 
node in a tree , while 𝑓 scales for the direct energy intensity at each node and 𝒚 gives the product 
mix. The number of nodes in the tree grows exponentially with each tier (compare with Figure 1). 
Each tier (or layer) has 𝒏𝒕+𝟏 nodes. Hence, SPA requires a sophisticated algorithm in order to 
minimize computing time. 
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Figure 1: Representation of a two sector economy as a tree (Hertwich and Peters 2006) 
 
 
To put it plain, the SPA algorithm undertakes the same calculation steps as we would have to do 
when inverting a matrix by hand (power series approximation). The syntax was written using the 
programing language R and is not included in this study since it comprises a couple of hundred lines 
of code.  
 
Production Layer Decomposition (PLD)  
SPA allows opening up the black box of numerous supply chains uncovering the largest inter-sector 
pathways of flows of goods and services through the economy (Peters and Hertwich, 2006). But this 
benefit entails the disadvantage of producing a huge amount of information which is sometimes as 
elusive as it is huge, in spite of, or perhaps exactly because of, an immense computing power. 
Therefore, SPA is not the best method for analyzing more general patterns in an MRIO model. In 
order to gain very selective but deep insights into a countries economic structure we can use SPA, 
but when aiming at more generalizable conclusions of supply chain structures, production layer 
decomposition (PLD) is more preferable.   
 
In a nutshell, the PLD quantifies the total amount of emissions produced on precise layers or levels, 
also referred to as tiers (see Figure 1 above), within the supply chains of a final product (compare 
with Lenzen and Crawford, 2009; Llop and Ponce-Alifonso, 2015; Wiedmann et al., 2009). Layers are 
the levels (tiers) in the tree structure as seen in Figure 1. In its core, PLD can be expressed as: 
 
 𝒆𝒌,𝒎 =  ?̂?𝒎 𝑨
𝒌 ?̂? (2) 
  
where 𝒆𝒌,𝒆 equals the production of emission type 𝒎 on layer 𝒌 along the path of a product or 
product group which directly or indirectly serves final demand. ?̂? represents the diagonalised direct 
intensities of emission type 𝒎. 𝑨 is the technical coefficients matrix. For the case of layer zero, i.e. 
when the ‘final’ or ‘last’ emissions are produced in the course of the final production stage before 
the delivery to the final consumers: 𝒆𝒌=𝟎,𝒎 = ?̂?𝒎 𝑰 ?̂? , where 𝑰 represents the identity matrix. Due to 
the fact that there are an infinite number of layers, we calculate the residual 𝒆𝒓+ via 
 
𝑳𝒓+ = 𝑳 − 𝑰 −  ∑ 𝑨
𝒌 
𝒓−𝟏
𝒌=𝟏
 (3) 
 𝒆𝒓+,𝒎 =  ?̂?𝒎 𝑳𝒓+ ?̂? (4) 
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where 𝒓 is the selected threshold regarding the number of layers separately analysed. In this study 
we present layers zero to four explicitly and aggregate the higher layers into one value, thus: 𝒓 = 5 . 
We can then relate the single layer results 𝒆𝒌 to the overall energy footprint through their 
summation:  
 
𝑪𝑭 = ( ∑ 𝒆𝒌  ) + 𝒆𝒓+ 
𝒓−𝟏
𝒌=𝟎
 (5) 
   
This gives us a more complete picture of the system (i.e. sector or country footprint) under 
examination because the results gained are more aggregated but still detailed in terms of supply 
chain levels. PLD results can be interpreted as a highly aggregated measurement of complexity, in 
terms of differentiation of processing steps, of the production system per se. PLD allows us to go 
beyond the sector or product level assessments and investigate how embodied emissions flow along 
the final products supply chain layers. 
 
3. Results and discussion 
The results section of the paper starts with decomposing the EU carbon footprint and the overall 
trends in the most general dimensions. The first perspective is the origin of the emissions embodied 
in EU’s final consumption, followed by an analysis of the main products and product groups 
contributing to the EU carbon footprint. Subsequently, based on PLD, we illustrate the structure of 
supply-chains behind each of the aggregated product groups and assess how the layer structure 
evolved over time. For construction, which turned out to be one of the largest contributors to the 
overall footprint, we also discuss how the distribution between emissions released in the EU versus 
abroad changed on each layer from 1995 to 2011. Finally, we provide time series results of the 
structural path analysis of the construction sector in selected European countries showing the Top-5 
largest paths contributing to EU’s carbon footprint. The results section thus gradually moves from an 
economy-wide (macro) along to a sector (meso) and supply chain perspective in order to 
demonstrate the analytical power of different MRIO decomposition techniques.   
Basic decomposition techniques 
Figure 2 illustrates the overall development of the carbon footprint of the EU-28, disaggregated by 
household’s direct emissions and the world regions where the greenhouse gases were emitted to 
indirectly serve final demand in the EU. Additionally, the production-based emissions of the EU are 
shown as a dotted line. 
As can be seen in Figure 2, the EU’s consumption-based account (CBA) has been constantly above the 
production-based account (PBA). The difference between CBA and PBA increased from 0.5 Gt CO2 
eq. in 1995 to 1.3 Gt CO2 eq. in 2011. Moreover, the figure shows that the difference between both 
accounts as well as the carbon footprint peaks in the year 2007. The overall carbon footprint of the 
EU rose from 5.1 Gt CO2 eq. in 1995 to 5.5 Gt CO2 eq. in 2011. After a 5-year period of relatively 
strong increases between 2002 and 2007, the impact of the economic crisis in 2008 and in particular 
in 2009 is clearly visible in the overall trend. In these two years, the EU carbon footprint dropped by 
around 13.4% compared to the maximum level of 2007. In 2011, the EU material footprint regained 
an absolute level that was equal to the level in 2002/2003.  
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Figure 2: Time series of the EU-28 Carbon Footprint by emitting region and the EU-28 production-
based emissions. 
 
From the perspective of the geographical origin of the emissions, strong shifts can be observed over 
the analysed time period. The share of greenhouse gases that were emitted within the territory of 
the EU fell significantly, from 80% in 1995 to 62% in 2011. This illustrates that today, more than one 
third of the greenhouse gases that are directly and indirectly released to satisfy European final 
demand are actually emitted in other world regions. The most significant shift occurred between the 
EU and China: in 2011 the EU’s direct household emissions equalled the indirect emissions released 
in China (0.9 Gt CO2 eq.). This significant growth of embodied emissions from China is, besides 
growing direct imports to EU’s final consumption, particularly caused by the large requirements of 
Chinese construction materials and manufactured fossil fuels and metal products as indirect inputs to 
EU’s industries and final demand. Chinas WTO accession in 2002 is clearly visible from Figure 2, 
resulting in a rapid expansion of Chinese emissions embodied in European final demand (compare 
with Rumbaugh and Blancher, 2004). Moreover, as electricity in China is foremost produced from 
coal, imports from China to the EU embody huge amounts of greenhouse gas emissions (see also 
Wang et al., 2014; Wiedmann et al., 2015).  
In Figure 3, we turn to another dimension, which the EE-MRIO model allows to put into focus, i.e. the 
product groups contributing to the carbon footprint of the EU. In order to facilitate visualisation, we 
aggregated the 200 EXIOBASE products into 11 broad product groups (see appendix for the detailed 
correspondence table).  
Figure 3 illustrates that the composition of the EU carbon footprint in terms of aggregated product 
groups and direct emissions remained relatively stable across the observed time period, despite the 
fact of the overall growing carbon footprint (compare Figure 2 above). The largest contributors in this 
perspective are households’ direct emissions with a share of 18% of the overall carbon footprint in 
2011. Households direct emissions slightly decreased by 3% over the period considered starting from 
a share of 21% in 1995. The main aggregated product group contributing (indirectly) to the carbon 
footprint was other services, which held a share of 15% in 1995, rising slightly to 18% in 2011. As we 
will demonstrate further down below (see Table 1), changes in this aggregated product group are 
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mainly driven by the increase in the carbon footprints of health and social work services and defence 
and administration. The product group Other services was followed by the group of manufactured 
products based on metals and minerals, most importantly from motor vehicles producing sectors. Its 
share was 14% in 2011, similar to the contribution in 1995 (13%). With regard to indirect emissions, 
construction work ranked third in 2011, with a share of 11%. The fourth biggest contributing sector 
was the large group of manufacturing products based on biomass (10%). The contribution of 
manufactured fossil fuel products to the EU carbon footprint in 2011 was 8%, that of electricity and 
water supply 7%, and that of financial services and transport services 5% resp. 4%. It is important to 
emphasize that the emissions from private transport are included in the households’ direct emissions 
and not in the economically defined transport services.   
Figure 3: Time series of the EU-28 Carbon Footprint by aggregated 11 final product groups. 
 
As indicated in section two, one key strength of EXIOBASE is the very high product detail. In Table 1, 
we therefore further decompose the product groups contributing to the EU carbon footprint and 
show the Top-30 EXIOBASE products (the full list with the footprints of all EXIOBASE products can be 
found in the supplementary information SI3). These 30 products made up around 65% of the total EU 
carbon footprint in 2011. Table 1 indicates that among the top-30 contributing products, 9 of the 11 
aggregated product groups are represented. The product construction, which is identical to the 
aggregated group “construction” as illustrated above, constitutes by far the largest product group in 
the overall EU carbon footprint (11% in 2011). Construction had a high share in total EU final demand 
(10%) and a moderate emission intensity of approx. 0.5 kg CO2 eq. of direct and indirect carbon 
emissions required to produce one Euro of final demand. From a methodological point of view, given 
this huge contribution of just one product, it would be desirable to further split up this product 
group. 
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Table 1: Top 30 single product footprints of the EU carbon footprint. 
Product Product group CF 1995 CF 2011 % change FD 2011 Intensity 2011 
  Mt CO2 eq. Mt CO2 eq. 1995-2011 million € Kg CO2 eq./€ 
Construction Construction 592 631 7 1.239.222 0,48 
Health and social work services Other services 236 324 37 1.607.816 0,15 
Public administration and 
defence services 
Other services 
204 249 22 1.036.643 0,20 
Motor vehicles, trailers and 
semi-trailers 
Manuf. Prod. 
(metals/minerals)  156 184 18 348.919 0,45 
Electricity by coal Electricity and water 
supply 169 172 2 14.537 11,64 
Food products nec Manuf. Prod. 
(biomass)  129 153 18 280.307 0,46 
Real estate services Financial services 162 151 -6 1.113.134 0,15 
Chemicals nec Manuf. Prod. (fossil 
fuels)  142 136 -4 157.823 0,90 
Recreational, cultural and 
sporting services 
Other services 
100 130 30 496.697 0,20 
Education services Other services 111 124 11 893.586 0,12 
Motor Gasoline Manuf. Prod. (fossil 
fuels)  140 122 -13 129.213 1,09 
Membership organisation 
services n.e.c. 
Other services 
75 119 58 455.624 0,17 
Furniture; other manu. goods 
n.e.c. 
Manuf. Prod. 
(metals/minerals)  88 114 30 240.462 0,36 
Machinery and equipment 
n.e.c. 
Manuf. Prod. 
(metals/minerals)  143 109 -24 206.048 0,69 
Other transport equipment Manuf. Prod. 
(metals/minerals)  49 84 71 88.686 0,55 
Electricity by gas Electricity and water 
supply 35 75 116 13.623 2,54 
Wearing apparel; furs Manuf. Prod. 
(biomass)  77 73 -5 160.629 0,48 
Air transport services Transport services 42 69 65 51.921 0,80 
Distribution services of 
gaseous fuels through mains 
Electricity and water 
supply 64 60 -6 67.903 0,95 
Gas/Diesel Oil Manuf. Prod.  (fossil 
fuels)  68 59 -12 63.919 1,06 
Radio, television and 
communication equipment  
Manuf. Prod.  
(metals/minerals)  36 57 56 128.149 0,28 
Plastics, basic Manuf. Prod.  (fossil 
fuels)  47 56 20 89.099 0,53 
Hotel and restaurant services Sales & retail services 62 51 -17 605.336 0,10 
Distribution and trade services 
of electricity 
Electricity and water 
supply 37 49 32 46.300 0,80 
Other business services Financial services 33 47 42 214.852 0,15 
Fish products Manuf. Prod.  
(biomass)  32 43 35 89.126 0,36 
Fabricated metal products, 
except machinery and eqw. 
Manuf. Prod.  
(metals/minerals)  45 43 -4 79.618 0,56 
Vegetables, fruit, nuts Agricultural and 
forestry products 36 42 16 79.544 0,46 
Office machinery and 
computers 
Manuf. Prod.  
(met./min.)  40 42 4 93.372 0,43 
Electrical machinery and 
apparatus n.e.c. 
Manuf. Prod. 
(metals/minerals)  31 40 30 75.048 0,41 
 Other product groups                  
879  
                 
941  
                      
7  2.365.929 
 
 Direct emissions of 
households 1.104 996 -10  
 
Total Footprint  5.162 5.544 7 12.533.084  
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It is interesting to note that on the more detailed sector level, service sectors are also found among 
the top contributors. For example, health and social work services ranked second in the product list, 
with a contribution of 6% to the total carbon footprint in 2011. This sector contributed 12.8% to EU’s 
monetary final demand in that year, however, carbon intensity was significantly lower (0.15 kg of 
total carbon emissions per € final demand). But also public administration and defence (5%) as well 
as real estate services (3%) have significant shares in the overall footprint. The high ranking of 
aggregated service sectors, however, is also a consequence of the construction of EXIOBASE, which 
further split up environmentally-sensitive products, but kept the high aggregation level of the original 
input-output tables with regard to service sectors. Thus, aggregated service sectors are relatively 
high on the product list.  
Some specific manufactured product groups are also located among the top contributors. They 
include motor vehicles (with a share of 3%), aggregated product groups such as food products nec 
(3%) and chemicals nec (2.5%) as well as motor gasoline (2%). The carbon emissions (i.e. intensities) 
across these manufactured products are in the range of 0.28 (radio and television) and 1.06 
(gas/diesel oil) kg CO2 eq. per € final demand. The highest carbon intensities can be observed for 
electricity by coal (11.6 kg CO2 eq. per €) and electricity by gas (2.54 CO2 eq. per €).  
In Table 2, we combine two dimensions, which the EE-MRIO model allows to put into focus, i.e. the 
source regions of the embodied emissions and the product groups. As already mentioned above, 
EXIOBASE differentiates 44 countries and 5 rest of the world regions. In order to facilitate 
visualisation, we aggregated the 49 EXIOBASE regions into 6 broad regions (depicting China 
separately). The following table shows a decomposition of the EU’s carbon footprint results for 2011 
and connects the information of Figure 2 and 3. Note, that the direct household emissions (approx. 1 
Gt CO2 eq.) are not included in this representation.        
Table 2: Decomposing the EU-28 Carbon Footprint of final product groups for the year 2011 into 
emitting regions. UNIT: Mt CO2 eq. 
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EU-28 58 12 275 239 349 359 292 37 160 172 509 2.462 
China 23 6 137 75 200 24 221 14 20 59 205 983 
Rest of Asia 13 5 92 53 109 15 60 8 16 33 134 539 
Middle East 6 1 32 21 26 6 20 4 8 15 58 195 
North America 3 1 25 19 35 3 16 2 5 13 56 179 
Rest of the World 5 1 28 26 31 6 23 2 8 12 47 190 
Total 109 27 589 433 752 413 631 66 217 304 1.009 4.548 
 
From the perspective of the geographical origin of the emissions, we find that the large majority of 
the emissions stemming from China (compare with Figure 2) are embodied in manufactured products 
(biomass and fossil fuels), construction work and other services. Moreover, Table 2 shows that the 
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product groups with the largest share of embodied European emissions are electricity and water 
supply with 87% and transport services with 74%. After the decomposition of the EU’s total carbon 
footprint into source regions and product groups, we now turn to the assessment of the products 
supply chain structures.      
Production layer decomposition (PLD)  
Production layer decomposition allows investigating the biophysical dimension of supply-chains and 
illustrating the structure and complexity of intermediate deliveries behind the final use of a certain 
product or service. The numbering of the layers reflects the number of intermediate deliveries before 
the produced emissions, which are embodied in intermediate products or services, end up in final 
demand. Therefore, as can be seen in Figure 4, layer one (L.1) represents emissions at the last 
intermediate delivery to the final production process and so forth. Figure 4 depicts the composition 
of all layers to the EU’s carbon footprints for the years 1995 and 2011. All layers together constitute 
the total footprint in the respective year. In order to keep complexity on a manageable level, we 
illustrate Layers 0 to 7 separately, and add up all higher levels in the category Layer 8+. Additionally, 
Figure 5 and Table 3 complement the information in Figure 4 and provide a further decomposition of 
the overall PLD results.   
Figure 4: Comparing production layer decomposition (PLD) results of the EU-28 carbon footprint of 
the years 1995 and 2011. 
 
Figure 4 indicates that in both years 1995 and 2011 the processes from layer one (L.1) released the 
largest amounts of emissions. In 1995 the layer one emissions accounted for more than 1.2 Gt CO2 
eq. which is approx. 200 Mt CO2 eq. above the 2011 emission value. Layer zero and layer one 
emissions decreased from 1995 to 2011 while the higher layers increased their absolute contribution 
to the EU’s carbon footprint. From this it becomes clearly visible, that the GHG’s emissions embodied 
in final consumption seem to become more and more detached from the final consumers as the 
carbon footprint increases. Before investigating the PLD time series results in more detail, we now 
decompose the overall layer results into the 11 product groups.      
Figure 5 depicts the relative layer composition of the 11 aggregated product groups footprint for the 
year 2011. As already mentioned above, all layers together constitute the total footprint of a product 
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group and thus sum up to 100% (left axis). Additionally, the absolute product group footprints are 
depicted as yellow squares with the associated axis on the right.   
Figure 5: Production layer decomposition (PLD) results of the EU-28 carbon footprint of the year 
2011 
 
As explained in the Methods section above, layer zero (L.0) represents the direct emissions of the 
final production process. The product groups in Figure 5 are sorted according to the relative 
contributions of layer zero. Therefore, the product groups on the left have higher shares of their 
embodied emission originating on higher layers i.e. the emissions are more detached from the final 
consumers because the share of layer zero is very small. Thus Electricity and water supply on the 
right has the largest layer zero share with 63%. This sector is then followed in descending order by 
transport services (48% L.0 share), agricultural and forestry products (22%) and mining products 
(21%). Especially manufactured products (biomass and metals/minerals), construction and other 
services appear to have significant amounts of upstream emissions originating on higher layers. It is 
interesting to note that these are also the four product groups with the highest absolute carbon 
emissions in 2011.         
By detailing the percentage contributions of each layer to the product group total, both in the year 
1995 and in 2011, Table 3 represents the changes over time on the product group levels.  
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Table 3: Comparing production layer decomposition (PLD) product group results between 1995 and 
2011. 
        
Carbon 
Footprint 
  
Layer 0 Layer 1 Layer 2 Layer 3 Layer 4 Layer 5+ Mt CO2 eq. 
Agricultural and forestry 
products 
1995 31% 26% 18% 11% 6% 8% 97 
2011 22% 23% 18% 13% 9% 15% 109 
Mining products 
1995 51% 26% 11% 6% 3% 4% 33 
2011 21% 33% 16% 10% 7% 13% 27 
Manufactured products 
(biomass)  
1995 13% 26% 22% 15% 10% 14% 526 
2011 7% 22% 21% 16% 12% 23% 589 
Manufactured products 
(metals/minerals)  
1995 20% 34% 20% 11% 6% 8% 453 
2011 19% 27% 19% 12% 8% 14% 433 
Manufactured products 
(fossil fuels)  
1995 13% 26% 22% 15% 10% 15% 653 
2011 11% 17% 18% 16% 12% 26% 752 
Electricity and water 
supply 
1995 65% 20% 8% 4% 2% 2% 390 
2011 63% 21% 7% 4% 2% 4% 413 
Construction 
1995 8% 41% 23% 12% 7% 9% 592 
2011 8% 30% 22% 14% 9% 17% 631 
Sales & retail services 
1995 25% 29% 17% 11% 7% 11% 83 
2011 18% 18% 17% 14% 11% 22% 66 
Transport services 
1995 52% 18% 13% 8% 4% 6% 162 
2011 48% 16% 12% 8% 5% 10% 217 
Financial services 
1995 13% 31% 22% 13% 8% 11% 281 
2011 12% 23% 19% 14% 10% 21% 304 
Other services 
1995 10% 34% 22% 14% 8% 12% 790 
2011 8% 25% 20% 15% 11% 21% 1.009 
 
With regard to the temporal development of the products structure of supply-chains across the 
various layers, one key observation can be drawn from Figure 3. In general, the decrease of layer 
zero and layer one emissions, as shown in Figure 4, appears to be associated with almost all product 
groups. Mining products layer zero emissions shows the strongest decrease on layer zero from 51% 
in 1995 to 21% in 2011, illustrating the strong reduction of mining activities within the EU and 
substitution through raw material imports (see Giljum et al., forthcoming). However, the mining 
products carbon footprint in 2011 was very small with 27 Mt CO2 eq.. The only sectors that had 
growing layer one shares were electricity and water supply which increased by 1% and mining 
products with an increase of 7% from 1995 to 2011. Nevertheless, the general pattern that the higher 
layers show growing emission shares applies to more product groups as the number of the layers 
increase. For example, construction which had the largest carbon footprint in 2011 with 631 Mt CO2 
eq (compare with Table 1) almost doubled its layer 5+ share from 9% in 1995 to 17% in 2011. As can 
be seen from Table 3, layer 5+ shares show very strong increases from 1995 to 2011 for all product 
groups.   
The next figure takes the analysis one level further, by illustrating to what extent the changes in the 
supply-chain structures were linked to the overall trends of outsourcing of the emissions away from 
the EU territory to other world regions discussed for the overall carbon footprint in Figure 2. For 
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illustrative purposes and because the product group turned out to be of major importance for the 
overall EU carbon footprint, we select construction.  
Figure 6: Comparing production layer decomposition (PLD) results of construction between 1995 
and 2011 by emitting regions. 
 
Figure 6 illustrates that significant geographical shifts can be observed on all layers when comparing 
the years 1995 and 2011, i.e. the contribution of emission from within the EU were shrinking, while 
GHG’s emitted in the Non EU countries gained in importance (compare the aggregated results in 
Figure 2). Construction is a pronounced example: while 76% of the total direct and indirect emissions 
– in particular on Layers 1 and 2 – were taking place within the EU borders in 1995, this value 
decreased to only 46% in 2011 (compare with Table 2). In the latter year, significant GHG emissions 
were released in the Non-EU countries on all layers. As can be seen from Figure 6, the upstream GHG 
emissions of EU’s construction sector are originating to a growing extent outside the EU and on 
higher layers. This trend can also be observed for other product groups. 
In the final analytical step, we seek to analyse the EU’s carbon footprint of construction on the most 
detailed level, assessing single deliveries within the supply chain of construction. In order to achieve 
this, we apply structural path analysis (SPA) and sort the calculated paths in descending order, 
placing the path with the largest absolute contribution on position one of our list.  
Structural path analysis (SPA) of construction 
SPA allows decomposing the product footprint of construction into its constituting sub-parts, i.e. the 
supply chain elements. Thereby, we can identify the most significant supply chains with regard to the 
emission intensity of inter-sectoral deliveries and track the embodied flow of emissions from its 
location of release (or origin) to the final consumption product throughout the entire global MRIO 
system. In this study we conducted SPA for each year of the time series and subsequently merged 
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the results in order to illustrate the temporal dynamic of structural changes in the supply chain of 
construction. Figure 7 shows the Top-5 paths, meaning the largest five deliveries in terms of 
embodied GHG emissions, for construction in (a) Great Britain, (b) Greece and (c) Poland. The figures 
below are thought to deepen the investigation of the production layer decomposition (PLD) results 
from above (compare with Figure 6). The dashed lines indicate that these are deliveries originating 
outside the EU territory.   
Figure 7: Structural path analysis results for selected EU countries: Top-5 paths of construction 
work in (a) Great Britain, (b) Greece and (c) Poland. 
 
 
 
Figure 7 illustrates that the construction sectors of Great Britain (GB), Greece (GR) and Poland (PL) 
have undergone comparable structural changes between 1995 and 2011. First, all three sectors show 
a rapid decrease of embodied emissions stemming from the delivery of domestically produced 
cement, lime & plaster (blue lines in a, b and c). Moreover, at the same time the emissions embodied 
in the intermediate imports from Chinese cement, lime & plaster have significantly increased (dashed 
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red lines). A tentative conclusion at this point would be that substantial amounts of domestic 
intermediate inputs have been substituted by Chinese imports. It is interesting to note that for all 
three construction sectors the abrupt decrease of embodied emissions stemming from domestically 
produced cement, lime & plaster intermediate products happened to coincide around the year 2000 
just two years before Chinas WTO accession (see Rumbaugh and Blancher, 2004). Figure 7 (a) reveals 
that emission embodied in cement, lime & plaster from China and delivered directly to construction 
work in Great Britain (dashed red line) is even the largest path of all related to UK construction 
activities, with almost 3 Mt CO2 eq. in the year 2011. In general, the SPA results show that the 
construction sectors direct emissions (black lines) are always among the Top-3 but in none of the 
case countries the most significant paths. In the case of Great Britain we can find two additional 
deliveries originating in China among the Top-5 paths: cement, lime & plaster from abroad delivering 
construction in Great Britain which again delivers itself (i.e. self-delivery) contributed in the year 
2011 with approx. 0.8 Mt of CO2 eq. to the EU’s carbon footprint. This equals the embodied 
emissions stemming from the production of bricks, tiles and construction products in China which 
have been imported and used as an intermediate input to British construction (dashed yellow line). 
To summarise, the structural path analysis decomposes the global EE-MRIO model on a highly 
detailed level. In the course of the SPA we are able to identify the largest single deliveries between 
sectors and regions which can be related to a spatial displacement of GHG emissions serving 
European final consumption.  
 
4. Discussion and conclusion 
In this paper we provided a detailed assessment of the composition of the carbon footprint of the EU 
and its underlying supply-chain structures. We argued that recent developments in the compilation 
of multi-regional input-output databases open up a range of new analytical options which hold the 
potential to deliver valuable information for demand-side climate change mitigation policies.   
From the perspective of the geographical origin of the emissions, strong shifts can be observed over 
the analysed time period. The share of greenhouse gases that were emitted within the territory of 
the EU fell significantly, from 80% in 1995 to 62% in 2011. With regard to the spatial displacement of 
emissions especially greenhouse gases emitted in China appear to play an increasingly important 
role, which is to a large extent driven by two factors. First, the emission intensive production of 
electricity by coal in China and second, the intensified international trade relations with Europe. The 
decomposition methods revealed that the large majority of the emissions stemming from China 
(compare with Figure 2) are embodied in manufactured products (biomass and fossil fuels), 
construction as well as other services. The structural path analysis (SPA) indicated that especially the 
import of cement, lime & plaster, as intermediate input to European construction, contributes 
significant quantities of greenhouse gases. We suggest that demand-side climate change mitigation 
policies should focus on these embodied flows from China because the dynamic of the China-EU 
trade relations can be expected to intensify further in the future. 
One of the most important conclusions of EU’s carbon footprint assessment concerns the changes of 
layer structures over time. Table 3 illustrated that from 1995 to 2011, supply-chains across all 
product groups have become more complex, i.e. percentage contributions of layers with lower 
numbers were declining in almost all cases, whereas Layers 3-5+ gained in importance. This 
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illustrates that supply-chains are increasingly complex and differentiated in their organisation and an 
ever increasing number of production steps is interlinked for the production of goods and services 
delivered to EU’s final demand. Moreover, as Figure 6 illustrates, the layers with higher numbers 
appear to have undergone a disproportionally stronger increase of their foreign emission shares. In 
general, the observed increase in complexity is the result of a growing international division of 
labour. From the perspective of environmental accounting, the ‘risk’ of growing complexity consists 
in the complication of the possibilities to account for (global) responsibility. Therefore, we suggest 
that future climate change mitigation policies have to specifically address the issue of unprecedented 
growth in the global economies complexity (see Andrew et al., 2013; Peters and Hertwich, 2008). 
The objective of this paper was to provide an illustration of the analytical potentials of the currently 
most advanced MRIO systems, starting from the macro level of the overall EU carbon footprint and 
disaggregating it in several dimensions in order to inform demand-side policies. However, there are 
still various additional analytical methods available to expand this type of assessment further and to 
derive more specific results for policy makers. One promising option is to use structural 
decomposition approaches (SDA) to investigate the drivers, i.e. factors like population growth or per 
capita consumption levels, underlying the growth or change of consumption-based emission 
accounts. For further information on SDA we refer to (Hoekstra and van den Bergh, 2002; Su and 
Ang, 2012) and for more recent structural decompositions of consumption-based accounts 
(Weinzettel and Kovanda, 2011; Wenzlik et al., 2015). Moreover, structural path decomposition 
analysis (SPDA), which structurally decomposes the changes on the level of paths i.e. supply chains 
(compare with Figure 7), presents a very interesting methodological enhancement for EE-MRIO 
models (see Wood and Lenzen, 2009).  
Finally, we conclude that it is important to continue work on uncertainty analysis in connection with 
carbon footprint models based on various MRIO databases (for example see Moran and Wood, 
2014). Empirical assessments revealed that the carbon footprints calculated with the various MRIO 
models (see introduction) deliver deviating results (Arto et al., 2014; Inomata and Owen, 2014; Owen 
et al., 2014a; Owen et al., 2014b; Wilting, 2012). As modellers have to disclose the limits and 
possibilities of their approaches in order to stimulate a reasonable uptake of research findings by 
practitioners i.e. policy makers, inter-model comparisons and analysis of carbon footprints will 
continue to play an important role. 
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6. Appendix 
List of 200 EXIOBASE products including product group concordance. 
Number EXIOBASE Products Product Groups 
1 Paddy rice Agricultural and forestry products 
2 Wheat Agricultural and forestry products 
3 Cereal grains nec Agricultural and forestry products 
4 Vegetables, fruit, nuts Agricultural and forestry products 
5 Oil seeds Agricultural and forestry products 
6 Sugar cane, sugar beet Agricultural and forestry products 
7 Plant-based fibers Agricultural and forestry products 
8 Crops nec Agricultural and forestry products 
9 Cattle Agricultural and forestry products 
10 Pigs Agricultural and forestry products 
11 Poultry Agricultural and forestry products 
12 Meat animals nec Agricultural and forestry products 
13 Animal products nec Agricultural and forestry products 
14 Raw milk Agricultural and forestry products 
15 Wool, silk-worm cocoons Agricultural and forestry products 
16 Manure (conventional treatment) Agricultural and forestry products 
17 Manure (biogas treatment) Agricultural and forestry products 
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18 Products of forestry, logging and related services Agricultural and forestry products 
19 
Fish and Other Servicesfishing products; services 
incidental of fishing Agricultural and forestry products 
20 Anthracite Mining products 
21 Coking Coal Mining products 
22 Other ServicesBituminous Coal Mining products 
23 Sub-Bituminous Coal Mining products 
24 Patent Fuel Mining products 
25 Lignite/Brown Coal Mining products 
26 BKB/Peat Briquettes Mining products 
27 Peat Mining products 
28 
Crude petroleum and services related to crude oil 
extraction, excluding surveying Mining products 
29 
Natural gas and services related to natural gas 
extraction, excluding surveying Mining products 
30 Natural Gas Liquids Mining products 
31 Other ServicesHydrocarbons Mining products 
32 Uranium and thorium ores Mining products 
33 Iron ores Mining products 
34 Copper ores and concentrates Mining products 
35 Nickel ores and concentrates Mining products 
36 Aluminium ores and concentrates Mining products 
37 Precious metal ores and concentrates Mining products 
38 Lead, zinc and tin ores and concentrates Mining products 
39 Other Servicesnon-ferrous metal ores and concentrates Mining products 
40 Stone Mining products 
41 Sand and clay Mining products 
42 
Chemical and fertilizer minerals, salt and Other 
ServicesMining products and quarrying products n.e.c. Mining products 
43 Products of meat cattle Manufactured Products (Biomass) 
44 Products of meat pigs Manufactured Products (Biomass) 
45 Products of meat poultry Manufactured Products (Biomass) 
46 Meat products nec Manufactured Products (Biomass) 
47 products of Vegetable oils and fats Manufactured Products (Biomass) 
48 Dairy products Manufactured Products (Biomass) 
49 Processed rice Manufactured Products (Biomass) 
50 Sugar Manufactured Products (Biomass) 
51 Food products nec Manufactured Products (Biomass) 
52 Beverages Manufactured Products (Biomass) 
53 Fish products Manufactured Products (Biomass) 
54 Tobacco products Manufactured Products (Biomass) 
55 Textiles Manufactured Products (Biomass) 
56 Wearing apparel; furs Manufactured Products (Biomass) 
57 Leather and leather products Manufactured Products (Biomass) 
58 
Wood and products of wood and cork (except furniture); 
articles of straw and plaiting materials Manufactured Products (Biomass) 
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59 
Wood material for treatment, Re-processing of 
secondary wood material into new wood material Manufactured Products (Biomass) 
60 Pulp Manufactured Products (Biomass) 
61 
Secondary paper for treatment, Re-processing of 
secondary paper into new pulp Manufactured Products (Biomass) 
62 Paper and paper products Manufactured Products (Biomass) 
63 Printed matter and recorded media Manufactured Products (Biomass) 
64 Coke Oven Coke Manufactured Products (fossil fuels) 
65 Gas Coke Manufactured Products (fossil fuels) 
66 Coal Tar Manufactured Products (fossil fuels) 
67 Motor Gasoline Manufactured Products (fossil fuels) 
68 Aviation Gasoline Manufactured Products (fossil fuels) 
69 Gasoline Type Jet Fuel Manufactured Products (fossil fuels) 
70 Kerosene Type Jet Fuel Manufactured Products (fossil fuels) 
71 Kerosene Manufactured Products (fossil fuels) 
72 Gas/Diesel Oil Manufactured Products (fossil fuels) 
73 Heavy Fuel Oil Manufactured Products (fossil fuels) 
74 Refinery Gas Manufactured Products (fossil fuels) 
75 Liquefied Petroleum Gases (LPG) Manufactured Products (fossil fuels) 
76 Refinery Feedstocks Manufactured Products (fossil fuels) 
77 Ethane Manufactured Products (fossil fuels) 
78 Naphtha Manufactured Products (fossil fuels) 
79 White Spirit & SBP Manufactured Products (fossil fuels) 
80 Lubricants Manufactured Products (fossil fuels) 
81 Bitumen Manufactured Products (fossil fuels) 
82 Paraffin Waxes Manufactured Products (fossil fuels) 
83 Petroleum Coke Manufactured Products (fossil fuels) 
84 Non-specified Petroleum Products Manufactured Products (fossil fuels) 
85 Nuclear fuel Manufactured Products (fossil fuels) 
86 Plastics, basic Manufactured Products (fossil fuels) 
87 
Secondary plastic for treatment, Re-processing of 
secondary plastic into new plastic Manufactured Products (fossil fuels) 
88 N-fertiliser Manufactured Products (fossil fuels) 
89 P- and Other Servicesfertiliser Manufactured Products (fossil fuels) 
90 Chemicals nec Manufactured Products (fossil fuels) 
91 Charcoal Manufactured Products (fossil fuels) 
92 Additives/Blending Components Manufactured Products (fossil fuels) 
93 Biogasoline Manufactured Products (Biomass) 
94 Biodiesels Manufactured Products (Biomass) 
95 Other ServicesLiquid Biofuels Manufactured Products (Biomass) 
96 Rubber and plastic products Manufactured Products (fossil fuels) 
97 Glass and glass products 
Manufactured Products 
(metals/minerals) 
98 
Secondary glass for treatment, Re-processing of 
secondary glass into new glass 
Manufactured Products 
(metals/minerals) 
99 Ceramic goods 
Manufactured Products 
(metals/minerals) 
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100 Bricks, tiles and construction products, in baked clay 
Manufactured Products 
(metals/minerals) 
101 Cement, lime and plaster 
Manufactured Products 
(metals/minerals) 
102 Ash for treatment, Re-processing of ash into clinker 
Manufactured Products 
(metals/minerals) 
103 Other Servicesnon-metallic mineral products 
Manufactured Products 
(metals/minerals) 
104 
Basic iron and steel and of ferro-alloys and first products 
thereof 
Manufactured Products 
(metals/minerals) 
105 
Secondary steel for treatment, Re-processing of 
secondary steel into new steel 
Manufactured Products 
(metals/minerals) 
106 Precious metals 
Manufactured Products 
(metals/minerals) 
107 
Secondary preciuos metals for treatment, Re-processing 
of secondary preciuos metals into new preciuos metals 
Manufactured Products 
(metals/minerals) 
108 Aluminium and aluminium products 
Manufactured Products 
(metals/minerals) 
109 
Secondary aluminium for treatment, Re-processing of 
secondary aluminium into new aluminium 
Manufactured Products 
(metals/minerals) 
110 Lead, zinc and tin and products thereof 
Manufactured Products 
(metals/minerals) 
111 
Secondary lead for treatment, Re-processing of 
secondary lead into new lead 
Manufactured Products 
(metals/minerals) 
112 Copper products 
Manufactured Products 
(metals/minerals) 
113 
Secondary copper for treatment, Re-processing of 
secondary copper into new copper 
Manufactured Products 
(metals/minerals) 
114 Other Servicesnon-ferrous metal products 
Manufactured Products 
(metals/minerals) 
115 
Secondary Other Servicesnon-ferrous metals for 
treatment, Re-processing of secondary Other 
Servicesnon-ferrous metals into new Other Servicesnon-
ferrous metals 
Manufactured Products 
(metals/minerals) 
116 Foundry work services 
Manufactured Products 
(metals/minerals) 
117 
Fabricated metal products, except machinery and 
equipment 
Manufactured Products 
(metals/minerals) 
118 Machinery and equipment n.e.c. 
Manufactured Products 
(metals/minerals) 
119 Office machinery and computers 
Manufactured Products 
(metals/minerals) 
120 Electrical machinery and apparatus n.e.c. 
Manufactured Products 
(metals/minerals) 
121 
Radio, television and communication equipment and 
apparatus 
Manufactured Products 
(metals/minerals) 
122 
Medical, precision and optical instruments, watches and 
clocks 
Manufactured Products 
(metals/minerals) 
123 Motor vehicles, trailers and semi-trailers 
Manufactured Products 
(metals/minerals) 
124 Other ServicesTransport Services equipment Manufactured Products 
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(metals/minerals) 
125 Furniture; Other Servicesmanufactured goods n.e.c. 
Manufactured Products 
(metals/minerals) 
126 Secondary raw materials 
Manufactured Products 
(metals/minerals) 
127 
Bottles for treatment, Recycling of bottles by direct 
reuse 
Manufactured Products 
(metals/minerals) 
128 Electricity by coal Electricity and Water Supply 
129 Electricity by gas Electricity and Water Supply 
130 Electricity by nuclear Electricity and Water Supply 
131 Electricity by hydro Electricity and Water Supply 
132 Electricity by wind Electricity and Water Supply 
133 
Electricity by petroleum and Other Servicesoil 
derivatives Electricity and Water Supply 
134 Electricity by biomass and waste Electricity and Water Supply 
135 Electricity by solar photovoltaic Electricity and Water Supply 
136 Electricity by solar thermal Electricity and Water Supply 
137 Electricity by tide, wave, ocean Electricity and Water Supply 
138 Electricity by Geothermal Electricity and Water Supply 
139 Electricity nec Electricity and Water Supply 
140 Transmission services of electricity Electricity and Water Supply 
141 Distribution and trade services of electricity Electricity and Water Supply 
142 Coke oven gas Electricity and Water Supply 
143 Blast Furnace Gas Electricity and Water Supply 
144 Oxygen Steel Furnace Gas Electricity and Water Supply 
145 Gas Works Gas Electricity and Water Supply 
146 Biogas Electricity and Water Supply 
147 Distribution services of gaseous fuels through mains Electricity and Water Supply 
148 Steam and hot water supply services Electricity and Water Supply 
149 
Collected and purified water, distribution services of 
water Electricity and Water Supply 
150 Construction work Construction 
151 
Secondary construction material for treatment, Re-
processing of secondary construction material into 
aggregates Construction 
152 
Sale, maintenance, repair of motor vehicles, motor 
vehicles parts, motorcycles, motor cycles parts and 
accessoiries Sales & Retail Services 
153 Retail trade services of motor fuel Sales & Retail Services 
154 
Wholesale trade and commission trade services, except 
of motor vehicles and motorcycles Sales & Retail Services 
155 
Retail  trade services, except of motor vehicles and 
motorcycles; repair services of personal and household 
goods Sales & Retail Services 
156 Hotel and restaurant services Sales & Retail Services 
157 Railway Transport Servicesation services Transport Services 
158 Other Servicesland Transport Servicesation services Transport Services 
159 Transport Servicesation services via pipelines Transport Services 
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160 Sea and coastal water Transport Servicesation services Transport Services 
161 Inland water Transport Servicesation services Transport Services 
162 Air Transport Services services Transport Services 
163 
Supporting and auxiliary Transport Services services; 
travel agency services Transport Services 
164 Post and telecommunication services Transport Services 
165 
Financial Services intermediation services, except 
insurance and pension funding services Financial Services 
166 
Insurance and pension funding services, except 
compulsory social security services Financial Services 
167 Services auxiliary to Financial Services intermediation Financial Services 
168 Real estate services Financial Services 
169 
Renting services of machinery and equipment without 
operator and of personal and household goods Financial Services 
170 Computer and related services Financial Services 
171 Research and development services Financial Services 
172 Other Servicesbusiness services Financial Services 
173 
Public administration and defence services; compulsory 
social security services Other Services 
174 Education services Other Services 
175 Health and social work services Other Services 
176 Food waste for treatment: incineration Other Services 
177 Paper waste for treatment: incineration Other Services 
178 Plastic waste for treatment: incineration Other Services 
179 Intert/metal waste for treatment: incineration Other Services 
180 Textiles waste for treatment: incineration Other Services 
181 Wood waste for treatment: incineration Other Services 
182 Oil/hazardous waste for treatment: incineration Other Services 
183 
Food waste for treatment: biogasification and land 
application Other Services 
184 
Paper waste for treatment: biogasification and land 
application Other Services 
185 
Sewage sludge for treatment: biogasification and land 
application Other Services 
186 
Food waste for treatment: composting and land 
application Other Services 
187 
Paper and wood waste for treatment: composting and 
land application Other Services 
188 Food waste for treatment: waste water treatment Other Services 
189 
Other Serviceswaste for treatment: waste water 
treatment Other Services 
190 Food waste for treatment: landfill Other Services 
191 Paper for treatment: landfill Other Services 
192 Plastic waste for treatment: landfill Other Services 
193 Inert/metal/hazardous waste for treatment: landfill Other Services 
194 Textiles waste for treatment: landfill Other Services 
195 Wood waste for treatment: landfill Other Services 
196 Membership organisation services n.e.c. Other Services 
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197 Recreational, cultural and sporting services Other Services 
198 Other Servicesservices Other Services 
199 Private households with employed persons Other Services 
200 Extra-territorial organizations and bodies Other Services 
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